ABSTRACT. Catechol O-methyltransferase (COMT) inactivates catecholamines and catechol-containing drugs such as L-DOPA. The common genetic polymorphism Val158Met in the human COMT gene is suspected to be associated with "persistence" or risk for schizophrenia. In this study, we attempted to identify the canine COMT gene fragment and to find a similar polymorphism and to reveal its genetic distribution among five representative canine breeds. We found that the amplified gene consisted of 663 bp nucleotides and was 84% homologous with the human COMT gene. The single nucleotide polymorphisms, guanine adenine substitution, were observed at the 39th, 216th and 482nd nucleotides. From the genotyping of the 216th polymorphism among 266 dogs by the polymerase chain reaction-restriction fragment length polymorphism method with restriction enzyme EagI, and that of the 482nd polymorphism with restriction enzyme SfcI, we found inter-breed variations of genotypes as well as of allelic frequencies for both of these polymorphic region s. These results suggest that the identified polymorphisms will be useful tools in elucidating the genetic background of canine behavioral traits. KEY WORDS: amino acid substitution, breed difference, canine, catechol O-methyltransferase gene, restriction fragment length polymorphism.
The dog (Canis familiaris) has a long and close association with humans, and as a result of selected breeding for various purposes such as hunting and working, there are numerous canine breeds. Dogs vary not only in shape and size but also in behavioral characteristics according to breed. Hart and Hart conducted a survey in which they compared behavioral characteristics among breeds and found that breeds used as guard dogs were strongly characterized by the behavioral traits of territorial defense and watchdog barking, whereas household dogs showed little aggressiveness and were highly responsive to obedience training [7] .
In recent years research into the genetic basis of temperament in human beings has drawn a great deal of attention. The genetic polymorphism of the dopamine D4 receptor (DRD4) was reported to be related to the temperament of "novelty-seeking," and that of the promoter region of serotonin transporter was reported to be related to "harm-avoidance" in human studies [2, 5, 12] . Extrapolating the DRD4 results in order to investigate the same topic in dogs, researchers found, in accordance with specific behavioral traits, a breed difference in the genomic polymorphism of the domain that is similar to that studied in humans [9, 15, 16] .
Catechol O-methyltransferase (COMT) inactivates catecholamines and catechol-containing drugs such as L-DOPA. The common genetic polymorphism Val158Met in the human COMT gene is suspected to be associated with "persistence" or risk for schizophrenia in human studies [3] . In order to determine whether there is a similar polymorphism in dogs that is related to canine behavioral traits, we identified the canine COMT gene and analyzed its genetic diversity among breeds.
MATERIALS AND METHODS
We designed a pair of primers (forward: 5'-ATCTTG-GATGCAGTGGTGC-3'; reverse: 5'-ATGCTTCTTCT-TCAGCTCGG-3') synthesized from the human and mouse COMT sequences [GenBank accession number Z26491 (human), NM007744 (mouse)] to amplify the coding region fragment of the canine COMT gene. The complementary DNA (cDNA) from reverse-transcripted brain mRNA was successfully amplified and direct-sequenced by the dye-termination method with an ABI377 DNA sequencer (PerkinElmer, U.S.A.). The 5' and 3' regions were amplified by the RACE method with the SMART RACE cDNA Amplification Kit (Clontech, U.S.A.; for 5' identification) and the TaKaRa 3' RACE core Kit (TaKaRa, Japan; for 3' identification). Next, we sequenced the full length of this gene in 10 unrelated beagles with a succeeding primer set (forward: 5'-GTGGAATGAGTTGGTCCTG-3'; reverse: 5'-TCAT-AGCTAGGCTCGGCAAG-3') to search for polymorphisms and tried to analyze the genomic distribution of these identified polymorphisms among 5 representative breeds. Peripheral blood samples were obtained from 266 individuals (68 Golden retrievers, 58 Labrador retrievers, 46 Malteses, 32 Miniature schnauzers and 62 Shibas) via 11 cooperative veterinary hospitals in the Kansai, Kanto, and Chu-bu areas in Japan. Genomic DNA was extracted with the QIAamp Blood Kit (Qiagen, U.S.A.), and the polymorphic regions were amplified by PCR. The genotyping was done by the restriction enzyme fragment length polymorphism method (RFLP) as follows. The digested fragments were visualized by a UV light source after being stained with ethidium bromide. The G39A polymorphism was not analyzed due to a failure to amplify this polymorphic region. All the data were statistically analyzed by χ 2 test. G216A polymorphism: Ten nanograms of DNA were used in 30 µl of PCR solution containing 10 pM of forward and reverse primers (forward: 5'-ATGGGAATGAGG-GAGGCAGG-3'; reverse: 5'-AGAATGGTGACCTG-GAACGG-3'), 10xEx Taq buffer, dNTP mixture, and 1 U Ex Taq (TaKaRa, Japan). After initial incubation at 95°C for 5 min, PCR amplification was performed for 35 cycles composed of denaturation at 95°C for 30 sec, annealing at 61°C for 30 sec, and extension at 72°C for 1 min. This process was followed by a final extension at 72°C for 5 min. The PCR product was digested with 5 U EagI for 12 hr and separated on a 3% agarose gel. Since there were two recognition sites in the canine COMT gene ( Fig. 1 ), this procedure generated 2-4 fragments according to genotype. The G/G genotype divided into 464-, 156-, and 43-bp fragments; the G/A into 507-, 464-, 156-, and 43-bp fragments; and the A/A into 507-and 156-bp fragments ( Fig. 2A) .
G482A polymorphism: Thirty nanograms of DNA was used in 50 µl of PCR solution containing 20 pM of forward and reverse primers (forward: 5'-TCCACTTACTCATC-C A G C T G G -3 ' ; r e v e r s e : 5 ' -T C G A G G C C A T C -CACTCTCTTG-3'), 10xEx Taq buffer, dNTP mixture, and 2 U Ex Taq (TaKaRa, Japan). After initial incubation at 95°C for 5 min, PCR amplification was performed for 35 cycles composed of denaturation at 95°C for 30 sec, annealing at 53°C for 30 sec, and extension at 72°C for 1 min. This process was followed by a final extension at 72°C for 5 min. The PCR product was digested with 0.4 U SfcI for 12 hr and separated on a 5% agarose gel. There were also two recognition sites in intron 5 and exon 6 (Fig. 1) . This procedure generated 2-4 fragments according to the genotype. The G/ G genotype divided into 332-and 162-bp fragments; the G/ A into 332-, 162-, 144-, and 18-bp fragments; and the A/A into 332-, 144-, and 18-bp fragments (Fig. 2B) .
RESULTS
The gene amplified in this study contained a 663-bp open reading frame (Fig. 1) , and its homologies at the nucleotide level with human, mouse, and rat COMT genes were 84%, 82%, and 82%, respectively. There were three single nucleotide polymorphisms (SNP) in the coding region. These SNPs included a guanine-to-adenine substitution at the 39th nucleotide (G39A), a guanine-to-adenine substitution at the 216th nucleotide (G216A), and a guanine-to-adenine substitution at the 482nd nucleotide (G482A) of the identified gene (Fig. 1) . Table 1 shows the genotypes and allele frequencies of the two polymorphic regions in 5 dog breeds. The inter-breed difference in the actual number of genotypes and alleles in G216A was highly significant based on the χ 2 test (genotype; χ 2 =41.84, df=8, p<0.0001, allele χ 2 =29.95, df=4, p<0.0001). The G/G genotype was dominant in all breeds, and Labrador retrievers and Miniature schnauzers had slightly more A allele than did Golden retrievers and Malteses. Similar results were observed regarding G482A (genotype; χ 2 =40.18, df=8, p<0.0001, allele χ 2 =38.63, df=4, p<0.0001) ( Table 1 ). Regarding the relationship between the identified polymorphisms G216A and G482A, 43 dogs (84.3%) out of 51 that had at least one A allele at either nucleotide 216th or 482nd had at least one A allele at both nucleotides, whereas 3 dogs (5.9%) had at least one A allele only at 216th and 5 dogs (9.8%) had at least one only at 482nd.
DISCUSSION
The gene amplified in this study was highly homologous to the COMT gene reported in other species, which suggests that the COMT is a crucial enzyme that has been well conserved throughout mammalian evolution as canine monoamine oxidase [8] . Based on the estimated human COMT structure [18] , the identified gene appeared to be the coding region of the soluble form of COMT (S-COMT) gene, which starts downstream of the membrane-bound form of the COMT (MB-COMT) gene. Since the translation-initiation codon for the MB-COMT gene exists just 150-bp upstream from that for the S-COMT gene, we need to search upstream to amplify the canine MB-COMT gene.
In this study, we found 3 SNPs in the amplified gene, i.e. G39A, G216A and G482A, and among these SNPs, the G482A SNP was deduced to cause an amino acid substitution of Arginine for Glutamine. This SNP was supposed to locate in the β-strand region including an active site of magnesium binding which is necessary for subsequent catechol substrate bindings [13, 19] . The human COMT gene also has an SNP (G322A) in exon 4, which causes an amino acid substitution of Valine for Methionine. This polymorphism is suspected to be related to the personality trait of "persistence" in the tridimensional personality questionnaire [3] as well as to a risk for schizophrenia [6] . And this amino acid substitution was reported to alter the level of enzyme activity by changing the thermal stability [13] . As the identified SNP of G482A was not located in the same region as in humans, it may affect the substrates bindings or lead to similar functional changes in the canine enzyme to those observed in humans through a structural change in the amino acid product.
In contrast, the other identified SNPs (G39A and G216A) does not cause amino acid substitution but there is evidence that even silent mutations have some relationship to personality and to mental disorders [10, 11, 14, 17] . The authors of these previous reports presumed that silent mutation might induce linkage disequilibrium to functional variation in a coding or regulatory region, or possibly in a neighboring gene, although silent mutation itself might not cause functional variations. The fact found in this study that the animals that had A alleles in G216A SNP tended to have A alleles in G482A SNP is likely to support this speculation. If we could amplify these regions simultaneously as one fragment, we may be able to see the haplotypes of these polymorphic regions and get more substantial evidence of the relationship between the two polymorphisms as reported in humans [1] . Furthermore, the G216A is supposed to locate in α-helix region including the binding site for S-adenocyl-L-methionine, which is the coenzyme of COMT [19] . This leads us to the speculation that the G216A may influence coenzyme binding.
According to the rating by Hart and Hart of 56 representative dog breeds based on behavioral traits, the scores of "territorial defense" out of 13 estimated traits were higher in Labrador retrievers and Miniature schnauzers than in Golden retrievers and Malteses [7] . It has yet to be confirmed whether these polymorphisms identified in this study are related to a certain behavioral trait such as "territorial defense" but this relationship will be clarified if we can determine the behavioral traits of each genotyped animal. Interestingly, a small number of Shiba had A alleles at both nucleotide 216th and 482nd, whereas the other four breeds had them at the 10-30% level. This characteristic caused low heterozygosity in Shibas. A similar phenomenon was seen in the canine DRD4 polymorphic regions [9, 15, 16] . Since the primary difference between the Shiba and the other breeds is its origin, i.e., the Shiba is Japanese in origin whereas the others are European, this finding might reflect the regional diversity thought to exist in humans [4] .
In conclusion, we successfully amplified the canine COMT gene that is highly homologous to those reported in other species. There were inter-breed variations of genotypes as well as of allelic frequencies in the G216A and G482A polymorphisms in this gene. Further study is needed to clarify the relationship between the COMT gene and breed-specific as well as individual behavioral traits. The percentage in each category is shown in parenthesis.
